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A REVIEW OF THE INVERTEBRATE PHYLUM KAMPTOZOA (ENTOPROCTA) AND
SYNOPSIS OF KAMPTOZOAN DIVERSITY IN AUSTRALIA AND NEW ZEALAND

by KrrsTi8 Wasson:

Summary

WASKOM, ke (2002) A review of the inverrehrste phylum kamprozoa (Fntoprocta ) and <y ropsis ol kaniplazoan
diverstly e Australia and New Zealand, Trenns. R, Soc. S0 by, 12601), 1-20, 31 May 2602,

Kamptozoans  are tny suspension-feeders superhicaly

resembling  bryvsoans  oe hiydrids. bt

phyfowenctically alfihated with spivglivns such s palvehuetes, Al 1300 of the deserhed specivs: underg
hudding. either o form clonal aggreganons or intereennected colonics. This review provides i synthesis of
cureent knowledge abuit kamptozoa, updating the fost general Bnglish-langzuaee descrption ol the phylum
provided by Hyman e 1950 Kamptosoan morphology, reproduction, and phylogenctic velationships are
chivacterized. Finally, cach ol the three major kamptozoun fanilics is described with examples deawn Goam
Australin sind New Zeatand, Cumently 37 speeies are knowi from thns region, but many more rentim o he
discovercd. The Australion G is unosually meh end vaned and ineludes the world's irgest kamplozodan

SPLLICs.

Introduction

Kamplozoans are liny, tenlaculate suspension
fecders that live in all oceuns of the world, Clanal
apggreeations ol dindependent zooids (g, 1a) e
found on myertehrate hosts, while colomies ol
mterconnected voowds (Fig. The ¢) grow on varions
sutbstrata, Each zoomd has the shape of o wine glass:
o bowl-shaped calyx s supported by a slender,
flexible stalk that attaches basally 1o the substratuin.
[he cilyx 15 ringed by a horseshoe of eiliated feeding
fentacles and comaing o Usshaped put g small
canglicm, o pair ol protonephridia and one or two
patrs of gonads. The space eiclosed by the wentacles
[orms an atrium, the deepest parl of which seryes ps
u hraod chamber for developing embryos.

Kanptozoan zooids actively bend and (wist. Their
characteristic monon i reflecied in the phylins
scaentific mame (Greek: Raniptested Lo bend) and s
common name, “nodding heads”. Another name [or
(the phylum. Bntoproctu. is less approprigle becitse it
stggesty an alithahion with the Eotoprocta (Bryosod)
and it implics erremeonsly that the anus 1s complerely
enclosed by the wmacular cilintion. kamptozoans
baur only o superficinl resemblanee o bryozoans.
with which  they  were onee grouped,
Developmentally, Kamplozoans are spiralians  but
their phylogenetic relationships 1o other metazoans
remain emgmalic,

Abcut 130 species have been described worldwide
but kamptozoan diversiy probably  exceeds 500
specics (Niglsen 1989). While they are widespread
and are guite abandant in some microhabitals, most
ol the worlds kamptozoans are poprly characlerized
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of ot known at all, because most speciey are tiny
and casily overlooked, Kamplozoans oceur in all
oceans, from the intertidal cone w several hundred
metres depth. A few colonial species live in brackish
water, and one i freshwater, Representatives o all
three major lumilies (Loxosamatidae, Pedicelhinidae,
Burentsiidae) have been tound in every marine
region that has been thoroughly surveyed. 'The fourth
fmily (Loxokglypodidac) has been tound only once,
i e norfheastern Pacific.

The main purpose ol (his review is to synthesize
cunrent knowledge about the Kamptozow. The lase
general English-language deseription of this phy lum
wits provided by Thymin (1951), and there have been
many advances inour understanding sinee that time,
In summartzing what is known aboot komprozouns, |
draw heavily on work by 1wo recent pioneers in
kamptosoology, P Emschermann te,e, Emsehenmann
1972, 1982) and C, Niclsen (g, Niclsen 1971 1996:
Niclsen and Jespersen 1997), A second objective of
this teview s o highhght the nch and unosual
kamptozomn fduna of Australia and New Zealand,

History of stugy

Kamplozoans were frst illustrated by Gllis (1756
Pallus (17740, b) described the lrst species as
Brachivnus cemmuys. placing it ina genus of rotilers
The same species wis pluced m the new pens
Pedicellig: by Sars (18335), who considered it a
naked Bryozoan, Vi Beneden (1845) contributed
the  first thorough  monograph o kamplozoan
morphology and reproduction. The genus Crnatella
wits deseribed by Leidy (18S1) and Loxasom hy
Kelerstein (18621 Allman (1836) pointed oul the
unigueness ol kamprosoan calys and  wnwele
structure. Nitsehe (1R70) coneeived of Podicelling,
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Fig. 1. Sractare of kamptozoan rooids. (a). Loxesomella sp. 3 onsponge. (b). Pedicelling whitelegzii. co). Barenie sp. 1,

Urnatella and Loxosoma as a natural grouping. the
Entoprocta, and separated them from all other
bryocsoans, the Letoprocta. Hatschek (1888) [irst
raised the enloprocts to the level of phylum. Clark
{1921) proposed the name Calyssozoa (o distinguish
this phylunt further Trom the bryozoans; Cori (1929)
agreed with this intent, bui changed the name to
Kuamptozoa, since the name Calyssozoa had already
been apphed 1w another taxon (the cenidarian
Stauromedusac). Late in the 19th century, a number
ol prominent scientists investigated kamptozoans,
cmphasizing  embryological  and  phylogenetic
questions (e.g. Barrois 1877; Harmer 1885; Sccliger

1890, Since then, only a few researchers at any one
time have locused on kamptozoans.

Morphology and physiology

External eharacieristios

Kamplozoan zooids are generally constructed of a
stalk, basal attachment and calyx (Fig. 1). The height
ol individual vooids ranges among specics from (0.3-
30 mm. The stalk develops as an outgrowth ol the
calyx to form a flexible, roughly cylmdrical support.
Clonal forms (Family Loxosomatidac) have a
specialized basal organ (cither a4 muscular suction
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dise or a dilTerentiated “Tool™ with an associated
gland (Fig. la)) with which they attach 1w
invertebrite hosts. Beheath the stalks al” mosl
colonial  forms  {(Families  Pedicellimdac and
Barenisiidac), stolons (Fig, th. ¢) adhere wo various
living andd non-living  substrata with - cuticular
adhesions. The cup-like calyces range in height from
0.2-1.2 mn and are ringed by a horseshoe ol
tentacles. The mouth and anus are at opposite sides
ol the calyx, regarded as anterior and posterior
respectively (Figs 3, 4by, The ealys is bilaterally
symmetricaly a vertical plane through wmouth and
anus divides the calyx into right and lelt mirror
images (Fig. 3). The region above the stomach is
ventral (this region was below the stomach 1 the
larva); the bottom of the catyx und stalk are dorsal
(Fig. 4b).

Body wall, nuisenlaiure and suppord

The body wall is a single-layered epithehun,
covered by a glycoprotein euticle containing a fruce
(0,06-0,45%) ol chitin (feuniaux 1982) but no
collagen (Emschermann 1982). Fhe cuticle is
generally thickest on the stalk, which may be darkly
pigmented, moderately thin and transparent on the
calyx. where the internal anatomy can be readily
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i, 4. Structure ol a kamptozoan ealy s, (a), Anterior view of contracted male Pedicellina whitelexgdi zooid. (h). Side view

ollexpanded female 2 whitelegedi calys,
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observed through the body wall. and thinnest on the
inner (frantal) side ol the wntacles (Niclsen &
Jespersen 1997),

Strong longitudina musele ibres heneath the stalk
epithelivm produce the  characeristic bending
motions of kamplozaan zooids. Carcular muscles are
fimited o the tentacaksr membrane and sphinclers
hetwaeen parls of the gul. The structure of musele
lihres has been destribed by Bmschermam (19690,
1982, Reger (1969 and Niclsen and Jespersen
(19971 Kaniplosoans luck o coclom. The cavity
suprounding the galyeal organs and extending inta
the tenracles and stalk is Glled by aloose Muid muiris
of mesenchyme cells which acts us o hydrostativ
skeleron and, together with the cuticle. lends 1he
stalk rerdity (3rien 1959).

Locamonion aned mencment

AN Rapnplozoans have larviee thal ssim or ereep by
ciliary petion, While larvae represent the main
dispersal mode for most eotonrial, and perhaps many
solitury species, some specics are mwobile ac other
stages m the iie-cyele. I some loxosomalid specics,
newly relepsed, sseawally produced buds cun swim
with therr stk forward. prapelled by their fentacular
cilis o lew loxosomatids. aduls may also be
capahle of such swinmming (Arking 1932; Rvlund &
Astin 1960 Niclksen 1960), I loxosomiatid species
whose adulls can altoch repeatedty o the subsiraium,
passive drifting of dewched cooids may also serve
lur dispersal. Mose colonial formis are sessile a8
iwdulis, but in ahe freshwater species Upmaretia
wrae dy Leady RS 1 shorl propagation stolons of two
or three coaids often break from a larger Colony.
leading 1o rapd colonizition nla favourable arca by
frgments o the same original colany which havd
spraad by drifiing (Fmschermann 1987),

I some species i the genus Loxasona. /ooids
employ their basal suction dises o somersaull across
thie subsirortoim cAssheon 19120 Niclsen  1964),
Soving e o aner faseiating and umigue by a
series ol gymnastic elforts. which comhine the
wnlity of the Kungaroo and the deliberition of i
acometer caterpillar’™ (Assheton 1912y The sooid
bends down un il the calyx attiaches by four long oral
lenlacles 1o the subsiralomy the suetion dise then
detaches from the substratum and Mips over the calyx
oy reatlach some distance from its ongmal ste: the
sand then retarms o an bpright drieatation (Fig: 2y

While adult Tocamotion decurs 10 ofily soine

specics. the nem=locomotory Bending motions of
atached zootds are charpeteristic ol all members ol

the phylum. Althoygh the rapid and  vigoraus
nodding ol kamptozoans immediately catehes the
ohserver s eye. the mechanisas and stmuli involyed
liave oot been thoeoughly examined. Bending of the
stk resubs from shortening of Tongitudipul museles

o one side (Brien 1959)0 A stronger bendine
respoiise s obtwned by stimulabon of calyces than
ol stalks (Corr 1936). The nodding and seithing may
help  zovids  escape predatars, may  diminish
overgriowth by fouling orzanisnis, or may preyent the
calyees trom repeitedly Hiterme Lhe same waler

Finolly. individual calyces have a charactensiic
tesponse Lo disturbunee. When rritired, the tentacles
curl irewards and are enclosed by u delicate fyer of
tsues the lentacalr membrane (Figs 20 4) which
Lightens ke a draw=string purse by means of eirculur
musculature,  This  fotolling ol the  wntacles
reseimbles the conraction of i sci andmone 1o
it the petraction sebryosoam lophophore.

Feviding und digestve syestem

Kamplozoans  are  suspension  leeders  on
phytoplankton and other particulte Tood, ach
lentacle has five Tongituding) rows of ciliated cells
(ATkins 1932: Mariseal 1965 Nielsen & Rosteaard
1976). On the sides of cach tentacle (g 3). large
luwera | eells bear compound Cilia that besmt wwards
the tentacle™s frontal midline (Mielsen & Rostgaard
107¢): these eilin generate the leeding currents.
Watter is drawn between the tentacles from below i
enticulur ¢rawn. then sent apwird awsiy frong the
culyx (Atkips 19320 The faterad eiha also caplire
parhiculale [ood lrom the waler currents they crente:
kuniptozoans employ o downstream calleeting
mechanism (Mielsen & Rostgaard 1976). Inside the
rows. of Tateral eells, rows of narrow Luerofrontal
cells hear shorl cilia that presumably tansler Tood
[rom lateral to frontal eilia (Manscal 19635). The
frontal mudline of cach tentacle has a single row ol
large frontal cells bearing short cilia and small
miicils vesieles: these cilin boal with the elttetne
stroke lowards the base ol the tenlacle. and transport
captured particles ina band ol mucus o the base ul
the tentacles (Niglsen & Rostgagrd  1976). Food
partieles then tavel in ciliated gutters, the feht il
left wieal graoves (Fige. 3) o the moath (Atkins
1932,

Somie kamptozoans apparently trap erhates g
ather organisms by rapidly contraeling the entaoular
crown (Atkins 1932) One Antarenice kamplosoan Tus
spectal multicellular extrusive organs (“lime-twig,
glands™) that discharge hollow, sticky theeads,
presumably o caplure larger prey alems that
supplement s Jicl ol - suspended  particles
(Lmschermann 19930).

Kamplozoans have a U-shaped gut. wilh both the
mauth and anus opening ventrally (Figs 3. 4bi he
digestive traets ol larvae and adults arc simple whey
ol cilivted epithelium divided o four regions, und
have been charaererized by Heck (1938) aind Niclsei
and Jespersen (1997) The crescent-shaped  mguth
(e, 3) leads (o a funnel-like buceal cavity, thep to o
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Hurrow  ocsophagus that opens mte & voluamous
stomanh ing mueh of the calys (Fig. 4b). lneested
particles are cmbedded in strands of mucus thal are
fpt 10 constant rotation by ¢ili in the stomuch: the
sl Licks museulatyre exeept al sphineters hetween
reyrions and food is ansported enlirely by ¢ibury
actiyy  (Becker 1938). The slrands  gradually
consolidate it clumps as they pass towards the
migsting.  Digestive cneymes  are secrelod  hy
whmdular cells i the venteal “rool of the stomich;
absarphion vecurs bolh in this region ol the stomach
und e the tesune (Beeker 193K). The stomach
lends to o short intestivie. and then o the reerwm.
which projects above the Toor of the atrium (Figs 3,
4h). such thal faeces refcased nlo the teplaculr
waler current are swept away from the calys, When
the tentacles are contracted, the rectom tolds Did-ike
over the attivm.

Cirenlarory amd respiretor svaienes

Since kamprozonn calyces are tny. dilfision s a
sutficient trapsport mechanism: a0 speeial organs
tactlitale circulalion within the calyx, Loose
mesenchyme surrounding the organs allows lar the
frec circulaton of dissplved wases and nutrients.
Coniriey Lo carhier mdicabions (ee. Hyman 1951,
there are no free amochocytes. chhandéing notient
tmsporl within the mesenchyime  malrix
(Fmscherman 196950 In loxosomatids, Tuids also
pitss Ireely between the calys and the stalk, helped
on their way hy muosealar movements. I miny
colonl kamptozoans, diffusion may oot suttice for
cirenlition throughout the zooid beeause the stk iy
olten mueh longer than in Toxosomatids and i parily
sepirated from the calys by a coticobae sepiom.
Pediceltinids and barentsiids have a ciretdatory
strulure, the star-eefl vrgan (Fmschermann 1969a),
A stk ol Aartened. stellate cells spans the narrow
some between the stk and calys (Fig. db). The
topimost cell contracts and cxpands. like o pipere-
fulhy rhythmie pulsations of the stacked cells punp
Muids between ealyx and stalk (Emschermann
| 9

fyvererion

A pan ol Hame-bull protonephvidia, Tocated just
posterion of the odsaphagus (Tig. 3) apparemly
functions  dnly i o pegulation apd
osmarcgulation  (kmschermann 1982), ksl
pratoneplividiom is composed ol four multicilined
cellss Two ol the eells torm a letminal organ. with a
Nltraton area where they interdigitate: the thrd and
foaarth cells eneirele the nephridial lumen, and the
tanreth cell forms the nephridiopore (Franke 1993 ). In
foxoromatid calyees, the two protonephridia open
separilely into (he atrom, while i stolomtes ey
open through a common nephrdiopore (1ranke

1993). The freshwater kamptozown  Crudiello
waeis has o more highly develaped excretory
systen, with 30-40 protonephodia in the calyx, and
many others in the salk (Fmschermann 1965).

Exeretion ol metabolites tkes place io the veniral
stommach “poof™ (Fig, 4), 4 region tha is often eye
ciilching beeause 1trs conspicuousty cotoured by the
pigmenls of consumed phyteplanklon, The Turee
vactoles ol cells inothis region contain precipitated
wie acid and guanine as well as wlgal pigments
(Beeker 19387 banschiermann 1965). These
intracellular inclusions are evertually expelled o
the stomach and vorded

Nervenrs svsten and yemse ovoghs

A large. dunibbeli-shaped ganghion lies ventral o
the stomach just posterior o the protonephridia (Fige
3). Nerves rudiate Inam this subenierie guanglion o
the tentaeles. to other parts of the calyx, and to the
stalk, Many kamptozoans have anicellulur et
receptors on the entacles and on the surface of the
calyx (Niclsen & Raostenard 1976). In addition.
Toxosomatids otten have @ pair ol Juteral sense
argans consisting ol eiliated papillae onethe tighinapd
lefl sides ol the calya, Thete are no nervouy
connections between zooids inoa eolony: carlier
suggestions (Hilon 1923) of an mterzooidal e ous
system have been rejeeted (Fmsehernann 1982 )

The lrvie of many loaosomatds huye a paid of
eyes, vach consisting of @ cup-shaped pigment cell, 3
Tens cell und i sensory cell, The structure of the eye
is unusual in that ehe enters perpendwealar o, rathdr
i parallel 10 e long axes of the sensory cilin
{Woollacott & Eakin 1973). No adult kamplozouns
are hnown o have gyes but zovids ol some species
contrget in response W sudden exposure 1 bright
liht (Enschoeniuani 19%2),

Reproduction and development

Asenerl repradaction

Al kamplosoany grow by budding, In
loxosomahids, which hive on other nverlebriles,
buds Form in two anterior or anlerolateral regions. of
the calyx, often roughly level wilh the top ol the
stomach (Figs oo Sac b Soo b Buds may  be
produced. alernately or simultancously at the two
budding sites. The basal part of the bud’s stalk
develops an tachment organ. the bud may remain
aitached 1o 1y parent™ for some time, feeding and
even becoming sexually midure, but ot evenlually
breaks away. often attaching to a nearby spot on the
invertehrate host.,

Colonal kamptosoans also hud ut the anterior laee
ot zoods, but budding occurs earlier m the lile of
eoofds g i foxosoratids  (Brien 1954) The
coonds prodacing buds e often themselves sl tiy
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Fig, 5. Asexual reproduction. (a). Calycal budding in Lavosomella sp. 5. (by, Calycal budding in Loxasoma sp. 1. {ch
Budding at the stolon tip in Barentsic matsushimena. (d). Budding al the stolon tip in Pedicelling pyrifornis,

buds; cach stolon tip is a bud primordium forming
anterior to the next youngest bud (Figs 1b, 5S¢, d). As
the buds grow and differentiate into fully lormed
zooids, they are separated by intercalating growth of’
the stolon. Eventually this growth ccascs and a
septum with a central opening forms on each side ol
the zooid, partitioning the stolon into lertile (zovid

bearing) and sterile (without zooids) segments (1igs
b, ¢, 4a). Because of thig pattern of formation, the
anterior side of every zooid along a stolon faces the
growing stolon tip. Colony form can be more
complex in some barentsiids, which bud from
specinlized stalk regions. In some specics, resting
buds (hihernacula) are Tormed at stolon tips, These
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unditferentiated buds are enclosed in single or
multiple chambers and are covered by a thick cuticle.
They germinate only alter the stolonic connection to
the rest ol the colomy is scvered. and following

exposure Lo low temperatures (Toriumi 1951;
Emschermann 19601, 1982).
Pedicellinids  and  barentsiids,  unlike  most

loxosomatids, can regenerate calyces, Old calyces
degenerate and arc shed and are replaced by a
budding process at the apical stalk tip comparable to
that at stolon tips. Injured barentsiid zooids can
regenerate new calyces and stalks even from basal
stalk and stolon remnants (Hyman 1951; Brien 1959:
Mukui & Makioka 1978).

Patterns ol bud Tormation at the histological level
are very similar in all kamptozoans (Secliger 1889,
1890; Bricn 19539). An epidermal proliteration of the
anterior body wall ol a zooid results in un
cvagination that forms the bud primordium. Budding
is cssentially an ectodermal process; while some
mesenchyme cells migrate from the “parent”™ into the
bud, no endoderin is contributed. At the apex ol the
bud primordium, an invagination forms, Lhen
constricts into an upper and lTower yesicle, which
become the atrium  and the digestive tract,
respectively, A narrow passage connecting the
vesicles becomes the mouth, while the anus breaks
through at a later stage. A constriction soon separates
calyx and stalk and the latier elongates. Eventually
the atrial cavity breaks through, freecing the tentacles,
and the bud begins to feed.

Sexual reproduction

Most loxosomatid calyces are protandrie, with a
discrete male phase lollowed by a female phasc
(Niclsen 1971y Emschermann  1993a);  culyx
gonochorism has also been reported (Harmer 1915,
Prenuml & Bobin 1956). Barentsiid calyces are
typically  gonochoric  (Wasson  1997).  Some
barcntsiid colonies are gonochorie, oo, containing
calyces ol only one sex; other barentsiid colonies arc
simultancously hermaphroditic, with both male and
female calyces Tormed along the same stolon (Mulkai
& Makioka 1980:; Emschermann 1985; Wasson
1997). A very foew barentsiid  species  huave
simultancously hermaphroditic calyces (Johnston &
Angel 1940; Wasson 1997). Some pedicellinids have
gonochoric calyces in gonochoric colonies (Marcus
1939); others  have gonochoric  calyces  in
simultancously  hermaphroditic colonies (Dublin
1905y, still  others  have  simultaneously
hermiaphroditic calyces (Brien 1959; Emschermann
1085).

‘The reproductive system is rather simple in both
sexes, Gonad rudiments derived trom mesenchymal
cells Tirst appear above the stomach as a pair of tiny
oval translucent vesicles (Mukai & Makioka 1980).

These grow into large ovoid sacs, consisting ol «
onc-layered epithelium which is the germinal layer
[rom which the gametes arise (Brien 1959), In
simultaneously hermaphroditic calyees, a pair of
Lestes lics posterior Lo the pair of ovaries. Each gonad
fceds into a gonoduct, and the right and left
gonoducts merge at the ventral midline to open
through a common gonopore posterior to the
ganglion (Bricn 1939),

The testes grow rapidly and may 1ill mueh of the
calyx (Figs 3, 4a). The spermatozoa have clongate
heads (Emschermann  1982; Iranzen 1983b).
Spawning has rarely been observed: apparcintly a
clond ol sperm is released following a sudden
contraction ol the calyx (Dublin 1905).

All kamptozoans brood their embryos und release
lully formed larvac. The ovaries remain much smaller
than the testes (Fig. 4b), with only a few germinal
cells at uny one time differentiating into oocytes. The
sinall (40-80 um) but yolky eggs (Franzen [983ay are
fertilized in the ovary, then discharged into the
deepest part of the atrium, the brood chamber (Cori
1936: Marcus 1939; Mukai & Makioka 1980). A
glandular region of the oviduet sceretes a pliant
envelope, which encloses the embryo and extends
into a cord which tethers it 1o the loor ol the brood
chamber (Marcus 1939; Brien 1959). The ovaries
rclease onc or a few eges per day in allernation, the
youngest embryos pushing the older ones farther
Irom the gonoporc (Brien 1959). The tethered
cmbyros, like o varied bouguet of balloons, can
oceupy a substantial portion of their mother’s calyx
(Fig. 4b). The brood chamber contains many emhryos
in @ regular succession ol stages (rom cleaving egys
to contractile larvac. When larvae hatch out of their
envelopes, they remain attached to the atrial wall by
the cord, with their mouth and ciliary band upward,
allowing them to Teed on particles in their mother’s
current (Brien 1959; Mariscal 1965). Swimming
larvae arc released about a week alter fertilization
{Mukai & Makioka 1980).

Enthryology and development

Kamptozoans show typical spiralian, determinate
development (Barrois 1877; Hatschek 1877; [armer
I1885; Lebendingky 19035: Marcus 1939; Malakhov
1990). Cleavage is spiral and the 4d ccll is a
mesentoblast — cell  that  proliferates  loose
mesenchyme in the interior of  the cmbryo.
eventually giving rise to the muscles (Marcus 1939).
The arrangement of cells at the animal pole
resembles an annelidan rather than a molluscan cross
(Marcus [939). The larval mouth forms very near (o
the anterior margin of the blustopore, which
eventually closes; the anus forms sccondarily as
well, ‘There is never any hint ol coclom formation
(Marcus 1939),
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Fig. 7. Schemitic representation ol metamorphosis in Pedrcefling cerna, (), Swwimming larvie (b) Newly settled Tarvi,
(e Period of vigorous anterior growtln (d), Zooid with sepuralion beiween stialls and ealys: tentacles forming, (¢

Poeding zooid, Modilied [rom Cori (1929),

famiptozoan larvae are generally hat-shaped (Figs
6. 7a), Sulvim-Plawen (1980) suggested the name
thplophora (Cireek: olos — dome; thelia - slraw
hat)y for them, There are o number of detailed
deseriptions of larvae (e.g. Burrois 1877 Corl 1024,
Marcus 1939 Mariseal 1965: Nielsen 1971) from
virious regions of the world. The hyposphere ol the
larva is deeply indented into the prominent, hat-like

episphere when the lurvacis swimming. The curve of

the L-shaped gut is an the upper parl of the hat;
mouth imd anus open on the ventral surface (Fig. 7a).
There is an apical organ at the top of the hat.a frontal
organ ul the front of the hat, and @ nng ol Tong
compound cilin around the brim, just above the
mouth (Figs 6. 7a). Below (ventral o) the mouth,
there is a second hand of shorter compound cili in
the shape of w horseshoe, with the opening ol the
horseshoe at the anus: the band s also broken behind

the mouth, These weo ciliary  bands beat
opposion and capture particles thal are then
[ransported 1o the mouth by short eilia in the alrial
grooves, which run between the two bands ot longer
ctha from anus (o mouth on both sides. as in the
adults (Fig. 3). Often there s o ciluted creeping (ool
in the ventral area between mouth and imus (Fig. 79).
Sonie tholophores show unusual features (stalked
vesicles, u spiderweb pattern of ornamentation, an
adhering layer ol detritus, ele.) that are not vel
understood (Niclsen 1971).

Tholophores resemble the trochophores of some
spiralians (Ballour 1885: Con 19362 Nielsen 1971,
1905, Lmschermann  1982). The  downstream-
collecting ciliary bands of tholophores ure similar 1o
those of trochophores in cell-lincage, structure, and
function (Niclsen 1995). The apical organs of
[holophores also resemble those of trochophores, Bul
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unlike wochophores, most tholophotes have a frontal
organ and a ciliwed foot, and their hyposphere is
deeply mdented jnto the episphere when the arvi js
swimrminme, A few loxosomalid lurvae lack the fromal
argan and oot and have a more pronouneed
hyposphere,  thus more sieongly  resembling
trochophores, bt these forms are considered
denved, not ancestad within the phylume (Miclsen
ID71) The sirongest resemblance of thalophores is
1o adule kamprozoan calyees: larva wnd adule share
the same shape, structure of the digestive syslem,
ateiu with atial srooyes: ad aovery siinilar eiliary
feeding mechanisim.

Larvae from only o few Awstalian species v
knwown. One Loxovente/la Lirvi (1g- i) s clongate
i the antérior-posterjor axis, with adhering particles
and o well-developed  Tool. The  Pedicelling
whitelvgei Johaston & Walker 1917 lapva (Fig. ob)
fs tdb in the ventral-dorsal asis, covered with i
ramarkably dense layer ol detritus, gnd lacks o foot
{ Wassoh 1995) Vhe Barendyir weaeifis Larva (171,
He)is relatively big, vecopying o large portion of the
parental cilys. [0is about as high as wide amd 1s free
af adherent particles.

Maost  tholophores  appesr capable  of  both
swimming and creeping; il s not known o what
estent the larval period ol most species s peligic ar
Benthie, Most thalophores are feeding larvae with a
funcrional gut. However, the Tarval period o nny
Kamptozoans appeurs 10 be extremely shorl - hours Lo
days (Mielsen 19710 Emschermann 1982, Wasson
1908) - 50 the larva’y Teeding while still m the brand
chinmbuer mav be move impartant than feedine affer
refease, On the other hund, some Loyosone kirvie sne
nlen canght in the plimkton and are presumed fo haye
along pelagic phase (Kigersten 1964: Niclsen 19660).

Metamaorphosis has heen carefully deseribed nr a
few kamiptozoan species (Barrols 1877: Harter
IR8T: Corr [936; Marcus 1939; Nielsen 1971:
Emschermann 1982), The larva erceps oo the
substiatam, testing il with the frontal organ, before
inaching by the region around the frontal organ.
setthngr on the anterfor side (loxosonuiids) or by
mtiching by the oot rewion, setthioe i (he
clicdmtercnee ol the retmcted ventral eiliary givdle
{pedheethnids and barentsiids), The alrium beeomes
enalosed by g vonstriction of the episphere dorsal w
the eiliory wirdle (FF1e. 7hy, The atrivm and dizeshve
traet dre rotated vpwards as a tesolt ot rapid growih
ol the anterior region of the episphere (P 7e).
Neataseparation forms between calyx and stplk and
the lavter elongates (Fig. 7d). Ciliated tentacles form
ay eelodermial protuberances al the periphery of Ihe
ariom (g 7d). raughly in the locabion of the
degencrating larval eilary bands. Finally, the atrium
hreaks gpen, releasing the lentacles, and dfeeding
begins (Fig. Te)

While in all colonial and many clonal speeies the
lurva does metamorphose diveetly anta the adult,
some lovosomatids have precocions buddig in
which the larva does ol metamorphose, but instead
dies as the buds it bears grow and are released
(Harmer 18R3; Jidgersten 1964 Niclsen 1971). Iy
cffeet, the larval bud. rather than the larva jtself, is
the roule 1o adulthvod in these species, Ta (he most
extreme cases, (he larvais complecly consumed by
an internal bud that Tooms while the larva is still
within its parent, and the larval gut is absent (Nielsen
JU7T). Some remarkable species display turthe
helerochenny: (he hnds themscelves already have buds
eotuene o even ure sexually matgre wlnle sull
contained m the larva (Jigersien 1064)

Phylogeny

Fasyil recond

Kamptozoans: fossilized by bioimimuatation oceur
i upper lurassic rocks e Greal Breidoon ( Todd &
Taylor 1993 and notthern France (). Todd. pers.
camm. 19931 The  stroctwre  al woeids
umbigionsty wentifics them as members of the
exdant genus Surentsin Thest Mesozoie Fossils st
minimum time Tor the divergenee of what s
prohably the most derived By, suggesting that
amedstral members ol the phylum may date hack
much turther.

Retlatieshups with ethor iuveriohrare tave

Lhstomically, theed huve been several proponents of
A close relatronship betweer kamplozogns s
bryaroany (e Harmer TESS; Mareus 1939: Prepan|
& Hohin 1956; Nielsen 1971, 1993). Zooids of both
i have a Usshaped got ard sre ninged by eiliad
tentaclés. Buddme and hiberngenls occur i both
tung and neither has an endodermal contribution
from “parent™ Lo hud. In bolly groups. larval eyespals
have sensory cilia ariented ar rght angles w the
meanting  light (Woollgeont &  Eakin 1973,
However. many  other workers rejeet w0 close
eyolutionary  aflitiation ot kamptosoans  with
bryozoans (eg. Allnum I856: Hatschek 1888 Cor
1936 Hyman 19517 Brien 195Y9: Vigersten 1972
Emschermann 19825 They atiribuie the similar body
plany of adulls to comman saspension [eeding hubils
and nny body srees. Budding and hibermacaln are
found in many sessile s and lack of endodermal
contribution w huds is found i prerobranchs and
some ascidiaps as well as kamptosoans and
hryoroans, The simirbandy ot the furval cyes s
striking but, since the eyes are constructed sorew hal
differently (Woollacott & Eakon 19731 they are not
necessirily homologous.

Bevond aseribing similarities to conveigefice,
apponents  of a0 close  relationship  between
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kamptozoans and bryozoans emphasize the
dilterences between the two taxa. Kamptozoans have
no coelom; bryozoans do, although it is rather
unusual. Kamptozoans have protonephridia and
gonads; bryozoans do not (Emschermann  [982),
Kamptozoans retract their tentacles by curling them
inwards and pulling the tentacular membrane around
them: bryvozoans retract the whole polypide and the
lophophore shats like an inverted umbrella (Brien
1960). Kamptozoans have downstream-collecting
ciliary bands, while bryozoans have upstrcam-
collecting ¢iliary bands (Nielsen & Rostgaard 1976;
Niclsen 1993). A key component of the bryozoan
body plan is the box-like cystid, absent in
kamptozoans.  There s little
communication  or  nutrient Tlow  between
kamptozoan zooids, or ol polymorphism among
zooids; these feutures are characteristic of bryozoans
(Bricn  1960). Kamptozoan nervous systems are
limited to single zooids, while bryozouns have
colonial  nervous  systems  linking  zooids
(Emschermann 1982). Kamptozoan metamorphosis
usually involves retention of the larval gut and other
larval structures; bryozoan metamorphosis is a
“catastrophic™ reorganization without retention of
larval leatures (Brien 19539). A recemt molccular
analysis ol complete 18S rRNA sequences (Mackey
er al, 1996) provides (urther evidence against a closc
relationship between kamptozoans and bryozoans.

I kamptozoans arc not closely related o
bryosoans, with what group ol” animals are they
allied? Based on embryology (Brien 1959; Nielsen
1971, 1995; Emschermann 1982) and molecular
sequence data (Mackey ef al. 1996), affinities must
be sought among other spiralians. Some anthors have
been impressed by similaritics between kamptozoans
(cspecially loxosomatid larvac) and rotifers (Barrois
1877; Harmer [885; Davenport 1893; Hyman 1951),
or turbcllarian NMatworms (Salvini-Plawen 1980).
Haszprunar  (1996) proposcs a  sister  group
relationship between kamptozoans and mollusces,
emphasizing similarities such ag a chitinous euticle,
a circulatory system with sinuses, and a ventral,
ciliary gliding sole (at some stage in the lifc-cycle)
and a pedal gland. Alternatively, kamptozoans imay
be more elosely allied with annelids (Emschermann
1982). Until further evidence resolves the question,
the precise phylogenctic position of kamptozoans
remains an enigma.

The similarity hetween adult kamptozoan calyces
and tholophores has led to the proposition that the
phylum  originated by pacdomorphosis.  This
hypothesis is developed in depth by Jigersten
(1972), who envisages the original kamptozoan life-
cyele as consisting of a planktotrophic trochophore
larva and a benthie creeping adult with a ciliated
loot. In this pacdomorphic scenario, the original

evidenee  of

motile adult was eliminated but its ciliated oot was
retained by the larva, which became sexually mature.
T'his larva then gave risc to a secondary benthic
adult, which rctained the same ciliory leeding
mechanism as the larva, although the ciliary bands
eventually were drawn out on to tentacles. The new
adult developed a stalk, an attachment organ, and the
ability to bud. Haszprunar ef al, {(1995) recently
presented o similar scenario of a pacdomorphic
origin for the phylum, but beginning with a
lecithotrophic larva.

Key to the orders and Tamilics

I (@) clonal: new zooids budded at ealys and then
released; musculature continuons between stalk
and ealyx: star-cell organ absent; larva usuully
with paired Trontal o18an ..
.................. .0, SOLITARIA, F. Loxosomatidac
(b} colonial: new zooids budded at base ol older
zooids or from stalks and remain connected to
cach other. e O. COLONIALES: 2
(a) zooids connected by non-septate basal plate;
musculature continuous between stalk and calyx;
star-cell organ absent; larva with paired frontal
OTEAN Lo Sub.0. ASTOLONATA, F.
Loxokalypodidae [known only from North-
caslern Pacific]
(b) zooids connected by septate stolon or rarcly
(Urnatellay septate basal plate; musculatire not
continuous between stalk and calyx; star-cell
organ present; larva with unpaired [rontal organ
....................................... Sub.0. STOLONATA: 3
3 (a) stalk of zooids with continuous longitudinal
musculature, tairly wide throughout whole
length, stalk and calyx often with cuticular spines
e e oo B Pedicellinidae
(h) stalk of zooids alternating between  wide
muscular nodes and narrow rigid rods; rods olten
with cuticular pores; stalk and calyx generally
without cuticular spines ................F. Barentsiidae

(£

Systemetics and Australian diversity

Order Solitaria Emschermann, 1972
Family Loxosomatidac (FHincks, 188()

The order Solitaria contains only a single family,
the Loxosomatidae. Nevertheless, it is the largest
natural grouping of kamptozoans, with about 100 of
the 150 deseribed species. Three loxosomatid genera
are  currently  recognized  (Nielsen  1996);
Loxosomella, Loxomespilon, and Loxosoma, and are
distinguished primarily by their basal attachment
structures. About 20 species of loxesomatids have
been reported from Australia and New Zealand but
only seven of them ure described (Appendix). Many
more species eertainly remain to be discovered; until
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a . b

Fig. . Loxosomatid diversity. (a). Loxosomelia sp. 3 showing [oot. (b). Loxosomella velatumn. (¢). Loxosomella sp. | with
larvac at top of calyx. (d). Loxosoma sp. 2 showing basal muscular disc.
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more  thoraugh  surveys are undertaken. it is
impossibles to ussess the Gue diversity Anstralia's
[onasomatids,

Loxosoimatids, wlhich form clomal sgeregitions by
citlycal  budding.  are  considered  the  mos|
plesiomorphic proap of kamptozoans (mschernuinn
1972y 'The highly contraeile zooids are olien very
st tens than T mim highy, Calyx and stalk are nol
sharply separated and Tomgitudinal muscubature s
continuous between them. The calyx and wnraeles
e generyly ariented abligoely to the stalk (Figs L,
8). Fhe calyces are ollen compressed i the anlerior-
posterior uxis, somelimes so strongly that the zooids
tesemhle padidles.

i Levasemetfet, e hasal port of the stilke ol bdgs
i difterentated into w structore resembling o Tnumin
fool (Fres Tac i) The heel of the [on is anterior and
contams a conspledous oland. A groove ined by
accessary glund cells runs from the hicel o the
posterion o, wheie it opeis. When o bud is released
(rom ils “parent™ 1t allaches Lo (he substratum hy ils
toe, I some species the eoord retains the wlandular
[vor [or s entire existence and s able 1o defach and
redftiach repentedly over s henme. In other species,
the (oot of the bud degencrates afler attachment and
the adult becormes permanenfly cemented o the
substratum (Figs ®h, ¢). Zooids of the monaypic
penius Lovamespilon have a very reduced stalk and
foot bur otherwise resemble Lososemelly cooids
(Bobin & Prepanl 19537 Nielsen 1996). Seyen
deserihed  wmd  eight  undeseribed  species ol
Lioxaxomelta wre known rom Austealiz wid New
Zealand, and most of the species i the Appendis
whose basal atwchment structures could pot he
assessed (and so are listed merely as "Lovosomatid
sp ) prabahly belong wo Loxosomelia as well.

In Lavosona. cuch zooid 15 atached by a musculur
suetion dise at the base ol the swlk (Fig 8d)
additionul suction dises may oeenr postenorly and/or
il the hase ol the (entacles (Niglsen 1996) Znowds
relitin the abiliey (o detach and peallach, somebimes
mnving aetively aerass the substratum (g 2y All
kenown Logesema larvae have statked yesicles on the
epsphiere and undergo budding ather tian a porml
metamarphoss  (Niclsen  1996),  Onply  three
(Lndescribed) Lovosoner species sue kaown [rom)
Austealiand New Zoalind.

Mast Taxosomutids dwell on ofher invertebrates. In
Anstralia and New Zealand they have been reporied
[rom various  spotges, a sipunculan,  various
palvehietes, twao hrodineans, g squar lobster. two
prmwns, und various bryvozaidns (Appendiv ). As inore
potential hosts e this region are examined for the
presenve ol fososomalid symbionts. Hhis hisk owill
certininly graw. Fach loyosomatid species appears 10
Iy e either o smele host specits o limited sel ol
potenmil host species, Lueyie, and pussibly also buds

and motile aduls, ¢ colomze new hosts: it s nat
known whether propagile preterenee of dilferental
mortality on diTerent host speeres is responsible for
the later distribulion of adults. Association with ather
invertebrates hag elear benelis Tor the loxosonind.
The rooids are often located in the pathwiy ol the
host™s 1eeding or respiratory waler currents, which
they may use or their own ciliary Teeding (Niclsen
1964). The host probubly affers the agile saoids
protecnon from predation o other damage. Whethet
the presence of loxosomatids negalively affects ther
hosts 1s nat known: Williams (20000 has shawn that
host eprdermis may be modified by loxosomaid
symbionts.

Worldwide, mapy loxosomatid species (aboul
30%) live on polyehueles; they are found on or
between the parapodia, on the gills, on the sete. or
under the elytru of members of ten polyehuacte
lamihies (Niclsen 1989 Loxesouelle diopatricola
Willams 2000 and seven undescribed species nf
Jovosamatids are known  [ronr polychueres
Atistralin and New Zealand (Pigs Sa. b, Hdy
Appendix).

While toxosoniid species diversily s highest on
polvehietes, Taxosamatd densily is prabably Tiglest
of spobges. Loxosomatids may  (orm sirikinely
dense aggregations o Sponges —  somctimes
L0000 zooids on o fist=sized sponge CRGe]e
1968), Some o these sponge-dwellme o are
urvsnally darkly pigmented. and an aggieaation
apainst thie hackground ol brightly coloured sponge
can be eye-catehing. Two undeseribed spécics of
Frvosomieffa are Kiown: from spotges (o Abstili
and New Zealand (Fras Tu Sua).

Sin lesosomatid species in Austraha (Lexosomnio(la
heove. L. eirewlare, L. civeiferam. L. puxittuom, L.
Vefarpnt (all Hlarmer I9UR) J0 spe 1) grow on
bryozoans (Appendix). Most ol (hese species ane
ornamented by odd cirriform organs ar papillac (Fig.
Sh, e ond share other similantics that spggest they
commprise a clades both the ceology and the asonemy
ol bryozoan-dwelling species mert urther atteition.
Some bryoroan-dwelling Toxosomarids, origipally
duscribed by Liarmer (1915) fram Showa apedition
material, Hve i very close wisociion swith Hheir
hinsts. One miiseole loyosomatid species even lives
in the compensation sqe ol its host: almast eyery
wampensation sae inoan inlested  bryozuan caluny
contains a loxosomaud zooid (Harmer 1915).,

Opder Coloniales Fygschcrmain, (9472
Sub-Orpder Stolopata Bmschermann, 1972

The sub-order Stalonits is the other large naturil
granping ol kamptozoans and exhibits the second
haste bady plane within the phylum. The calyees ol
stolomates are vencrally  larger than thase of
loxesomands, with siranger aljary clrrents that
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apparently free the zooids from  dependence on
Bosts”  elinry  currents  (Bmscherimnn 1972),
Stolonate calyces are generally laterally compressed
(g v, b e [ v, 10b) and museulatuee iy
reduced. otten twjust o few longitudinal strapds. the
alnal relractor museles, which extend from the base
of the ealyx fo the atrium and serve 1o depress it
(Lanschermunn 1972), Caiyx and stalk are separatzd
by ucuticalar digphragm and the calyx-stalle junetion
toapanped by the arealatory stac-cell ongan
(Fmsehieomann 1969a): the longitudinal musculature
ol the walk s nor continuous with that ol the calyx
Fhe stalk alien beirs cuticulur pores or spines wiich
vary iostze ad depsity with envicomnental
conditions. Stolonate sovids, a8 their name implies,
wrow on evlindrical slons 1hat are usually divided
int lenile (zooid-bearing) and sterde (no soonuls)
seaments by trapsvepse septa (Figs 1h, ¢ 4a). The
septi may lunctipn fo space the cooids, thus ayording
inferference in teeding, or may prevent damage by
seahing ol intact seetions from harmed ones.

Stolonate kamptozouns are members ol the sessile
benthne community and often grow ogether with
hydrowds and bryosouns. They are preyed upon by
nudibranch maotluses. some ol which appear (o
spectthize on barentsiid  species (MacDonald &
Nvbhakken 1978y, predapien By tiebellariian
Ihatwormy s alse been observed (Cannimg &
Carllon 20000 Although seldun conspiewaus.
stolenate kimpozoans are often firly abundant. 1
e found stolonates  intertidally, at every sile
surveyed i Anstralig and New Zeatand hy collegting
vanous  substrats (mostly  spopges, asediins,
hryceoans. worm tubes and bivalve shells) in the
Feld and exarming them in the kthatatory. i some
tocihities, an wstonmding 50%-75% of all subsirata
searchied were inlested with stolonate kamplozouans.
although the fevel was usually aboot S-10% ar othee
RIS

Fannly Pediceltinidae (Jolmston, 1%47)

The Fapnly Pedicellinidae is considered muore
plesiontambic than the: Barensiidae (Foschermmmn
1972): pedicellinid zoeids retain o Faely simple
coidal soructoee, with undillerenuated  stalls that
have contimuous musedlatuie. Five senera ute
recognized  bat four  of dhese  (Charaspis,
Loxesomatordes, Myosone, Sangavella) contin
only one or lwo species, and have not been reported
[rom Australin or New Zealand. The larger genus
Puothwellna  comprises  about  twvelve  species
worldswade. s af whieh are kaown 1rom A ustealia
and New Aealand (Appendix,

Io colder waters of this region, £ wluhlegzni
Johnaton & Wilker [907 (Figs Th 4a, b, 9¢) s
Ubiguitois ad can be collected readily rom couslal
habitals  Wasson 1995) Tins speeres s recognized

hy its spination, by the distinetive, ghstenmg, douhle
rows of ke cells on the wentacles. and by its 1all,
parbicle-covered larya (ig. 6h). o warmer walers, /7
whitelegit s replaced by another abundint species,
Foocompacia Harmer 1913 (Fig, 94), which is
characierized by short, squal zooids ornamented with
filitorm spines ( Wasson 19495,

A rarer pedicetlinid from Otago, New Zealand, and
Tasmania is Pedicellinie pociformiy Ryland 1963
(Fig. 9b), The stalks goow up 1o 6 mim high, and
calyees can be almost T mm highs this spedies is o
skt amonz the world’s pedicellinids. Zovids me
also more densely clustered 1 this species than
other pedicellinids. he wide slolony sk septa; the
ahsence of intervening sterile segments allows
couids W grow very close weether along the swlon

Family Barensiidae Erschermann, 1972

This family is characlerized hy the division ol the
stalk into wide, Mexible. museutor nodes and narrow.
rigid. npn-muscular rods that are oflen perlorated by
pares (Figs le, 1e, The), An ineomplete cuticular
seplum separales cueh node {rom Lthe rod above af,
There is @ miniroum of one basal node and ane rod
apical ta il hut many  species have  multple
alternating nodes and rods, lending @ segmented
appearance 1o the stk

Five genera of barenlsids are  recognized,
Coriellu. Peeadopedicelling. Pedicellnopses and
Urtieelfe (ihe sole freshwater (orm) each contam i
single species! most of the roughly thirty known
harentsiid species belong 10 the getus Bepenfsiv,
Seven barentsidd species wre Known from Australin
and New Zealand (Appendis), siv o the penus
Raventvic and one i the genus Pedicellindpsis. The
comimon specics of colder Walets, Barepfsie sp. |
(Fgs le. TOa, b), a8 chariclenzed by small. delcaly
Zowids only about T mm high. ustally with 1-3 senes
ol stalk nodes und rods. In warwer waters, 5 sp | s
supplemented by 8 genjenlugio Haymer 1915 (Fig,
10C) which has many (aversge 4-5) series of skalk
nodes and rods. Inois segmented stalk structure. £
wenienluty tesembles the cosmupolitin species 4
henedent (Focttinger 1RRTY ((ouod 0 Apstealian
hiarbours), from which il et be distinguished by i
wider, shovier nodes and by the less promounced
anterior arentation of the calys.

Pedicollinepsiy fridicoyie Tineks 1884 (e Ty
a remarkahle barepisiid apparently  endemic o
southern Austalian waters (Appendis . Zooids
spacal araved o hard contral stem (Pig. 1 lag, o
which cach 7oonl is Separated hy a sepum. kach
st resombles a tree-tern, with the newest zooids al
the apicat growing tip: older regions of the siep
where zooids have degenetated have spical patters
ol coud seurs as do lower regions ol trec-(ory
[runks, The Ihiek, rigad stems branch, fonming bushy
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Fig. 9. Pedicellinid diversity. (a), Pedicelling compact (b). 12 pyeifarmis. (¢). Powhiteleggii.
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Fig, 10, Baventsiid diversity. (a), and (b}, Baremsie sp. | in side and anterior viesy, respectively, (¢), B, gencnlala,

colonies that may reach 30 ¢nvacross, lae and away
the record tor a kamptozoan. They are anchored to
the substratum by g lush basal growth of (e
stolons, which extend downwards 1o serve as
rhizoids and sccondarily bhack up  the stem,
becoming interfwined with it Individual zooids.
although unscgmented, grow (o w length of 6 mm.
lhe nodes are large and annulate (g, ey, The
rods are a deep golden brown due to o very thick
cuticle and make o stoking contrast w0 the pale

calyces und nodes. The rods are decorated wath
alternating rows of bubhle-like pores and pairs of
lateral cuticular rvidges (Fig. [1h, ¢), a pattern of
stalk  ornamentation not known from any  other
barentsiid. A Targe cuticular spine extends up past
the stalk-calyx junction on the aboral side of the
soord (Fig, 11h). With its long st of unigue
leatures, Pedicellingpsis fruticasa may be the most
highly derived member of the phylum Kamptozoa.
It has yet to be observed alive,
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Fig. 1. The harentsiid Pediceltinopsis fruticosa. (ay. Colony, showing zooids spiraling off of thick main stem. (b). Calyx
and posterior spine. (¢) Stalk, showing large annylate node and regularly ornamented rod,

Perspectives on the Australian fauna

Reports ol kamptozoans from Australian waters
are scarce. and currently only about 37 specics of
kamptozoans are known from Auslralia and New

Zealand (Appendix), 1lowever, the Australian
kamptozoan — Tauna  is unusually  varied,
cncompassing  extremes of the body plan. The

world's  largest  kamprozoan,  Pedicellinopsis
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fraricosa, dwells i these waters, as da some ol the
world™s smullest kamptozoans, 1iny  Lavovamiella
specics on brvozoan hosts. Anstralian specics mgy
also hold the record Tor the greatest density ol zooids
in colonies: Pedicellina pyeifornis packs inone giant
sooid alter another along its peculiar non-seplile
stodon, while in Padteeflinopsis fiagtivose, 7ouids
sprcal around s mgid central stem resulting o
density ol zomds and o growth pattern unknown in
ather kamptozouns..

Kaniptozowns i Australin are acither rare nor hard
to find, The fauba of Aostralia s =00 poorly
chiacierized that new and unreported species (os
wellas those listed in the Appendix) probably can be
callected in only o lew hours anywhere along the
vopsl, Beyond taxonomic identity, we know virtoally
nolhing aboul the biology off Austvilian species. The
liltle we do koow leads os (o suspect that furthier
mvestigations hold much promise Tor new msights
mio kamptozoan cenfogy. symbiotic relationships,
luivitl - bioloey.  hiogeowruphy  and  phylogeny.
Certainly, wiven the geographical dimensions and
ceologival diversity ol (s country. mimy  new
morphologieal sdaptations and e history variotions
and likely o be revealed when the Australia

kamptozoan fauna s more thoreughly esamined.
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Appendix

Known kamptozoan diversity in waters around Australia and New Zealand.

T'his uppendix lists the 19 described and 18 undescribed species o kamptozoans known from Australia and New Zealand.
T'he Tirst column gives the species name. Undescribed species have been assigned a number. Those Joxosomatids whose
basal attachment (Ocnerlc character) could not be deterniined arc listed simply as “loxosomatid™. The second coliimn gives
the author ol the original species description for deseribed species, or a briel descriptive phrase (for loxosomatids, host i
given) for undcuubed species. The third column gives (be citation for occurrence of this specics in Australia or New
/Ldldnd For new records (Wasson, this paper), the name of the collector is given in parentheses. The fourth colnmn lists
(abbreviated) the Australian State or the Island of New Zealand where the species was found.

FAMILY LOXOSOMATIDAE (7 deseribed +

(Harmer, 1915)
(Harmcr, 1915)
(Harmer, 1915)

Loxosomefla breve
Loxosomella cirenlare
Loxosomella cirvifernm

Wwilliams, 2000
(Claparede, 1867)
(Harmer. 1915)
(Harmer, 1915)

Loxasomella diopairicola
Loxosomella keferstejuii
Loxosomella pusillum
Loxosomella velatinn

on bryozoun
dark zooids on sponge

Laxosomella sp. |
Loxosomella sp. 2

Loxosamella sp. 3 light zooids on sponge

17 undeseribed specics)

Hastings 1932 QLD
Hastings 1932 QLD
Hastings 1932 Wusson, 1his paper QLD
(R. A. Birtles & B Arnold)

Williams 2000 VIC
Wagson & Shepherd 1997 SA
Hastings 1932 QLD
Wasson, this paper

(R. A. Birtles & P. Arnold) QLD
Wasson & Shepherd 1997 SA
Wasson & Shepherd 1997 SA
Wasson, this paper SNZ

(M. Barker & K. Wasson)
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Loxesoatelle sp. 4
Loxosennefla sp. 3

Loxoscunefle sp. 6
Loxosometla sp, 7
Loxosomella sp. 8

Loxosowa sp. |

Laxosenna sp. 2

Lessoseid sp. 3

Loxosonumd sp.
Loaosomatid sp.
Loxosamatid sp.
Loxosomatid <p.
Lososomatid sp.
[ .onosomalid sp,

Hh Bt —

o

K. WASSON

on pelychiacte Sthenelais
on polynoid polychacte

Un Pravns
on polychacte
on polychaete Fonice

on palychacte Copperingerid

on polychaete Pectinariu

on polychaete Aviathell

on sipunculan Phascodosoa
on hirudinean Branchettion
on hirudinean Pontobdella
on bryozoan Amailia

on squal fohster Themn

on aguariuim walls

FAMILY PEDICELLINIDAE (6 described species)

Pedicelling cernna

Pedicelling compacta
Pedicetlina grandis
Pedicellina pernae
Podicellina pyrifornis
Pedicelling vwlrivelegeli

(Pallas, 1774)

Harmer. 1915
Ryland, 1963
Ryland, 1963
Ryland, 1965
Johnston & Walker, 1917

Hastings 1932

Wasson, this paper

{M. Barker & K, Wasson)
Wasson. this paper (R. Tester)

Wisson, this paper (D. Gordon)
Williaims 2000

Haswell 1891: Hastings 1932;

Wassorn, this paper

(R, A. Birtles & P. Arnold)
asson, this paper (). Collins)

Wasson, this paper {13, Gordon)

Whitclegge 1889

Goddard 1909

Gaoddard 1900

Harmer 1915

Wasson, this paper (R, Lester)

Gordon & Ballantine 1977

Kirkpatrick 1890b;
Chittleborongh!, Wasson 1995
Hastings 1932: Wasson 1993
Ryland 19635

Ryland 1965

Ryland 1965, Wasson 1995

QLD
SNZ

NT
NNZ

VIC

I.D
QLD
QLD
NNZ
NSW
WA
WAL, NSW
VIC

QLD
NNZ,

VIC. 5A

QLD
SN7.
SNZ
SNZ. TAS

Wasson 1995 (and others cited thereiny NSW, VIC,

FAMILY BARENTSIIDAL (6 deseribed + 1 undeseribed species)

Barenrsia benedeni

Barenisia discrens

Barenia genivulay

Burenisie faxa
Barentsia marsushimana

Barenisia sp. |

Pedicellinopsis finticosa

PCoLesoroLGn, ROG

(Foettinger, 1887)
|misidentilied as B. gracilis)
(Busk, 1880}

Harmer, 1915

Kirkpatrick, 1890a
Toriumi. 1931

minute, delicate »ooids
[misidentilicd as R. gracihy)

Hincks, 1884

Wasson & Shepherd 1997;
Chittlchorought

Wasson & Shepherd 1997
Wasson, this paper

. Gordon & S. (O)'Shea)
Wasson, this paper

(RCA. Birtles & P. Arnold)
Kirkpatrick 1890a

Wasson, this paper

(M. Barker & K. Wassony
Wasson & Shepherd 1997:
Kirkpatrick 1890h; Waters 1904;
Hastings 1932:

Hilgendorf 189%; Gordon 1972
Hincks 1884 Busk 18806,

SA.NNZ.SN7.

NSW, 5A
SA

vIC
NNZ
QLD

NT

SNZ,

NSW.SNZ, S8A
VIC, QLD

SNZ. NNZ

MacGillivray 1887 Whitelegge 1889 VIC, NSW.
Hedley 1915: Johnston & Angel 1940; TAS

Wasson & Shepherd 1997

. (1932) Marine Fouling at Port Adelaide. MSe Thesis, The University of Adelaide (unpub.).



